Objective To estimate the number of rotavirus-associated deaths among Indian children younger than five years.
Introduction
Diarrhoeal diseases are a major cause of hospitalizations and child deaths globally. Together they account for approximately one in six deaths among children younger than five years.1 Of India's more than 2.3 million annual deaths among children, about 334 000 are attributable to diarrhoeal diseases. [1] [2] [3] Rotavirus is the leading cause of severe diarrhoea in children in developed and developing countries.3,4 Two rotavirus vaccines have been shown to be effective against rotavirus and have been licensed in more than 100 countries, including India.5-7 Introduction of these vaccines is expected to reduce child mortality by decreasing the incidence of severe diarrhoea and the frequency of death from diarrhoeal disease.
There is considerable controversy in India regarding the introduction of rotavirus vaccines, especially because of uncertainty surrounding the estimates of deaths and hospitalizations caused by rotavirus and because of the current cost of the vaccines.8 Studies estimate that 90 000-153 000 children die from rotavirus infection in India each year but these numbers are not based on nationally representative samples.3,9,10 Here, we present new estimates of the frequency and number of diarrhoeal deaths attributable to rotavirus among Indian children younger than 5 years by combining direct estimates of diarrhoea-related mortality from a nationally representative study of deaths2 with the fraction of diarrhoeal hospitalizations in selected Indian urban centres that were caused by rotavirus. 11 We also calculate the number of deaths preventable in India by a national rotavirus vaccination programme by using the estimated annual number of rotavirusassociated deaths in India and rotavirus vaccine efficacy data from clinical trials in two developing countries.
Methods
We ascertained the number of deaths from diarrhoea among children during [2001] [2002] [2003] these deaths, the proportion due to rotavirus infection reflected the proportion of deaths due to laboratory-confirmed rotavirus infection among children hospitalized with diarrhoeal disease. The proportion of diarrhoea cases attributable to rotavirus infection increases with increasingly severe diarrhoea, so we also assumed that diarrhoea resulting in death in rural settings with limited access to health care is similar in severity to the diarrhoea that would be treated in hospitals in settings with more accessible health care.
To estimate the number of deaths preventable by a national rotavirus vaccination programme, we multiplied the estimated annual number of rotavirus-associated deaths in India by the values of vaccine efficacy from field studies of the monovalent rotavirus vaccine (Rotarix;
GlaxoSmithKline, London, United Kingdom) in Malawi (efficacy, 49%) and the pentavalent bovine reassortant vaccine (Rotateq; Merck, Whitehouse Station, United States of America) in Bangladesh (efficacy, 43%). 17, 18 On-time vaccination and 100% coverage were assumed. Because infants aged < 3 months are too young to be fully vaccinated, we applied vaccine efficacy data only to children aged 3-59 months. We also calculated the number of children who would need to be vaccinated to save one life on the basis of the following method described by Kelly et 2.58-4.66) ( Table 2) . Overall, about 64 000 girls (99% CI: 49 000-89 000) and 49 000 boys (99% CI: 37 000-66 000) died from rotavirus infection. At every age group beyond the neonatal period, the ratio of the rotavirus-associated mortality rate among girls to the rate among boys exceeded Most rotavirus-associated deaths during 2005 occurred in the central region (56 400) and east region (28 900) (Fig. 2) . The mortality rate from rotavirus-associated gastroenteritis among children younger than five years ranged from a low of 1.51 deaths per 1000 live births in the west region to a high of 5.49 deaths per 1000 live births in the central region. The age distribution of deaths from rotavirus infection was similar for boys across regions but girls in the north and south regions died at somewhat earlier ages than those in other regions (data not shown). Rotavirusassociated deaths were not distributed evenly across the country (Fig. 3) . More than half (64 400) of deaths were estimated to occur in three states: Uttar Pradesh (35 700 deaths), Bihar (17 800) and Madhya Pradesh (10 900). The sensitivity analysis involving use of varying proportions of rotavirus-associated deaths for the central region did not markedly change the national totals.
Between 41 000 and 48 000 deaths among children aged 3-59 months (18 000-20 000 boys and 24 000-27 000 girls) could be avoided every year by administering one of the currently available rotavirus vaccines. These figures correspond to 3.6-4.2% of the 1 135 000 deaths in this group, with a greater benefit for girls (3.6-4.0% of 505 000 deaths among boys, compared with 3.8-4.3% of 630 000 deaths among girls) if frequencies of vaccination coverage for both sexes were equal. On the basis of our estimated rotavirus-associated mortality rates for boys and girls 3-59 months old (2.91 and 4.23 deaths per 1000 live births, respectively), 570 girls and 660 boys would need to be vaccinated against rotavirus to prevent 1 girl and 1 boy, respectively, from dying due to rotavirus infection.
Discussion
Approximately 113 000 children (99% CI: 86 000-155 000) younger than five years died from rotavirus infection in India in 2005, for a mortality rate of 4.14 (99% CI: 3.14-5.68) deaths per 1000 live births. This suggests that roughly 1 child in 242 will die from rotavirus infection by the age of 5 years. The first year of life was the period of highest risk for death due to rotavirus infection, a finding that underscores the need for on-time vaccination.20 At every age beyond the neonatal period, a marked sex-related disparity was apparent and more girls than boys died from rotavirus infection. The greatest discrepancy by sex and region existed between girls in the central region (mortality rate, 6.55 deaths per 1000 live births) and boys in the south region (mortality rate, 1.88 deaths per 1000 live births), with a mortality rate ratio of 3.5 for girls relative to boys.
Our mortality estimates, which are based on directly measured data on diarrhoeaassociated deaths, are similar to previously published estimates of 122 0003 and 122 000-153 00010 rotavirus-associated deaths that were based on indirect national estimates of deaths attributable to diarrhoea among children younger than five years. Our estimate is higher than that of Jain et al.9 who multiplied the fraction of diarrhoeal deaths due to rotavirus infection by the total number of diarrhoeal deaths in India and concluded that rotavirus caused approximately 98 000 deaths during 1998. Unlike these earlier estimates, our results provide age-, sex-and region-specific patterns of rotavirus-associated mortality in India, which can be used to optimize the influence of rotavirus vaccination programmes.
Rotavirus vaccine is available in India through the private sector, although on a small scale. Therefore, the number of vaccinated children is likely exceedingly small, although no data This study has several limitations. First, the main potential source of uncertainty in our estimates involves possible misclassification bias attributable to the use of verbal autopsy to ascertain causes of death. However, for infants older than one month, the accuracy of diagnosis by verbal autopsy has been shown to be reasonably similar to that of hospital-reference diagnosis when diarrhoea is defined as frequent liquid, watery, loose or soft stools or dysentery: sensitivities for verbal autopsy ranged from 72% to 91% and specificities ranged from 57% to 78% in studies 
